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Objective: Serotonergic dysfunction is considered to be involved in the pathophysiology of borderline personality disorder (BPD). The aim
of this study was to investigate serotonin transporter availability in patients with BPD as a marker of the central serotonergic system.
Methods: Eight unmedicated patients with BPD and 9 healthy control subjects received single photon emission computed tomography
(SPECT) 4 hours after injection of 185 MBq [I-123] ADAM (2-([2-([dimethylamino]methyl)phenyl]thio)). As a measure of brain serotonin
transporter (SERT) availability, ratios of specific-to-nonspecific [I-123] ADAM binding for the brainstem and hypothalamus were calculated
with an occipital reference. Levels of impulsiveness and depressive symptoms were assessed with the Barratt Impulsiveness Scale and the
Beck Depression Inventory. Results: Mean specific-to-nonspecific ratios showed a 43% higher brainstem and a 12% higher hypothalamus
ADAM binding in patients, compared with control subjects. We found significant correlations of ADAM binding with both age and impulsive-
ness but not depression. Associations of BIS scores with ADAM binding remained significant after controlling for age and depression
(r = 0.69, p < 0.01). Conclusion: The study provides evidence of a serotonergic dysfunction in patients with BPD and suggests a serotoner-
gic component in the pathophysiology of the disorder. SERT binding reflected the level of impulsiveness as a common feature in BPD.

Objectif : On considère que le dysfonctionnement sérotoninergique joue un rôle dans la pathophysiologie du trouble de personnalité lim-
ite (TPL). Cette étude visait à étudier, chez les patients atteints d’un TPL, la disponibilité du transporteur de la sérotonine comme mar-
queur du système sérotoninergique central. Méthodes : Huit patients atteints d’un TPL qui ne prenaient pas de médicament et neuf su-
jets témoins en bonne santé ont été soumis à une tomographie d’émission monophotonique (TEM) 4 heures après avoir reçu par
injection 185 MBq [I-123] d’ADAM (2-([2-([dimethylamino]methyl)phenyl]thio)). Pour mesurer la disponibilité du transporteur de la séroto-
nine dans le cerveau (SERT), on a calculé des ratios de fixation spécifique:non spécifique [I-123] d’ADAM dans le tronc cérébral et l’hy-
pothalamus en utilisant un point de référence occipital. On a évalué les niveaux d’impulsivité et de symptômes dépressifs au moyen de
l’échelle d’impulsivité de Barratt (EIB) et du questionnaire de dépression de Beck. Résultats : Les ratios de fixation spécifique:non spé-
cifique moyens ont montré que la fixation de l’ADAM était plus élevée de 43 % dans le tronc cérébral et de 12 % dans l’hypothalamus
chez les patients comparativement aux sujets témoins. Nous avons constaté des liens importants entre la fixation de l’ADAM et à la fois
l’âge et l’impulsivité, mais non la dépression. Les liens entre les résultats de l’EIB et la fixation de l’ADAM sont demeurés importants
compte tenu de l’âge et de la dépression (r = 0,69, p < 0,01). Conclusion : L’étude présente des preuves de dysfonctionnement séro-
toninergique chez les patients atteints de TPL et indique la présence d’un élément sérotoninergique dans la pathophysiologie du trouble.
La fixation du SERT reflète le niveau d’impulsivité, caractéristique très commune dans les cas de TPL.
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Introduction

Borderline personality disorder (BPD) is a severe and persis-
tent mental condition characterized by marked impulsive-
ness, aggressive and auto aggressive behaviour and a wide
range of unstable patterns of interpersonal relationships; self-
image and affect regulation are core features of this disor-
der.1,2 BPD is one of the most common disorders in the clini-
cal setting, with an estimated prevalence of up to 10% of
psychiatric outpatients and up to 20% of inpatients.3 Impul-
sivity is significantly associated with the lifetime number of
suicide attempts,4 and the mortality rate by suicide is almost
10%.5 The etiology of BPD is poorly understood; however, al-
terations of emotional regulatory systems within various
brain regions and a dysfunction of central serotonergic activ-
ity seem to be involved in the underlying neurobiological
mechanisms.6,7 Impulsiveness is a central feature of BPD,2 and
there is increasing evidence from cerebrospinal fluid (CSF),
electrophysiological and pharmacological challenge studies
that impulsiveness is modulated and controlled by the sero-
tonergic system.8–11

In recent years, neuroimaging studies with single photon
emission computed tomography (SPECT) or positron emission
tomography (PET) and serotonergic radioligands have been
performed in subjects with impulsive behaviour to directly as-
sess brain serotonergic parameters, such as pre- or postsynap-
tic serotonin transporters (SERT) or serotonin receptors.12–14

Until recently, the possibilities in imaging the SERT with
SPECT in the living human brain were limited because of the
lack of highly selective SERT radioligands. [I-123]β-CIT used
so far for imaging the SERT also binds to the dopamine trans-
porter with high affinity.15 Recently, with [I-123] ADAM (2-
([2-([dimethylamino]methyl)phenyl]thio)-5-I-123-iodopheny-
lamine), a new highly selective SERT ligand has been
presented.16,17 [I-123] ADAM has a more than 1000-fold higher
selectivity for the SERT than for the norepinephrine trans-
porter and the dopamine transporter. Previous studies with
this tracer have proven its ability to visualize, detect and
quantify serotonergic dysfunction in patients with
depression.18,19

Here we used SPECT and this novel SPECT ligand to as-
sess brainstem and hypothalamus SERT availability in un-
medicated patients with BPD and in healthy control subjects.
We hypothesized that ADAM SERT binding is different be-
tween patients and control subjects, providing in vivo evi-
dence of central serotonergic alterations in BPD. Based on ev-
idence showing that impulsiveness is associated with central
serotonergic dysfunction, we further investigated whether
impulsiveness, as assessed by self-report questionnaires in
the whole study population, is associated with SERT avail-
ability, irrespective of the diagnosis.

Methods

The study was reviewed and approved by the local ethics
committee of the Ludwig–Maximilians University of Munich
and by the federal regulatory authorities regarding the use of
radioactive agents. All subjects gave written informed con-

sent for participation in this study, after the procedures had
been fully explained by the research physicians of both the
departments of psychiatry and nuclear medicine.

The study population comprised 8 female patients with
BPD, ranging in age from 18 to 34 years (mean 23.2, stan-
dard deviation [SD] 5.16 yr) and 9 female healthy control
subjects (21–31 yr, mean 25.9, SD 3.49 yr). The control sub-
jects, mainly recruited from students and hospital personnel,
were free of any previous or current neuropsychiatric disor-
ders, exposure to psychotropic medication or other sub-
stances known to affect the brain serotonin system, or a
family history of neurological or psychiatric diseases, as as-
sessed by medical history, structured interviews and check-
lists adopted from the structured clinical interview for the
DSM-IV (German version).20

We consecutively recruited the patients, whom experienced
research psychiatrists diagnosed. Patients had to fulfill the cri-
teria for BPD according to the Diagnostic and statistical manual
of mental disorders, fourth edition (DSM-IV 301.83),2,20 and the
Diagnostic Interview for BPD (DIB).21 Exclusion criteria were
age below 18 or above 40 years; presence of current or lifetime
criteria for schizophrenia, schizoaffective disorder, bipolar
disorder, current eating disorder, alcohol or substance use dis-
order; presence of a current major depressive episode; and
any other medical or neurological illnesses. The patients had
to be free of any psychotropic medication for at least 12
weeks. Six patients were drug naive. Two patients reported a
transient medication with benzodiazepines in their history,
both were currently off medication for more than 6 months
and more than 1 year, respectively. All subjects were required
to have a negative urine pregnancy test, performed immedi-
ately before the application of the radiotracer. Six patients and
4 control subjects were smokers; 5 and 4 subjects, respectively,
were taking oral contraceptives.

Clinical assessments

We estimated impulsiveness with the Barratt Impulsiveness
Scale (BIS),22 a 34-item self report questionnaire designed to
assess subjects´ levels of impulsiveness. The BIS has been es-
tablished in research on impulsive behaviour. The BIS total
score provides a measure of overall impulsiveness, widely
used in neurobiological studies, and has been found to be in-
creased in populations such as borderline or antisocial per-
sonality disorder. The BIS consists of 3 subscales, derived by
factor analysis, assessing attentional or cognitive impulsive-
ness (AI; not focusing on the task at hand), motor impulsive-
ness (MI; acting without thinking) and nonplanning impul-
siveness (NI; not planning and thinking carefully).

We assessed depressive symptoms as a common feature co-
occurring in people with BPD,23 using the Beck Depression In-
ventory (BDI), a widely used 21-item self-report rating inven-
tory measuring attitudes and symptoms characteristic of
depression.24

SPECT imaging

Each subject received a standardized bolus injection of



185 MBq [I-123] ADAM (Map Medical, Tikkakoski, Finland).
Data were acquired with a triple-headed gamma camera
(Philips Prism 3000, Philips Medical Systems, Bothell,
Wash.), using low-energy, high-resolution fan beam collima-
tors. Stringent quality control of the camera system was
assured.

All scans were acquired 4 hours after intravenous injection
of the radiopharmaceutical. This time frame is considered op-
timal for semiquantification of specific radiotracer binding.25,26

A 128 × 128 matrix was used for all acquisitions. The rota-
tional radius was minimized to less than 13 cm in all cases. A
total of 120 projections were acquired at 60 second per view,
with the camera heads following a circular orbit, resulting in a
total scan time of 43 minutes. The projection data were
checked visually for patient motion, using the cine display
and sinograms provided by the software of the camera manu-
facturer (Odyssey-FX software, Philips Medical Systems,
Bothell, Wash.).

SPECT data were reconstructed by backprojection (ramp
filter), filtered with a Butterworth 3D postfilter (0.6 cycles
/cm, 5th order) and corrected for attenuation according to
Chang’s method (µ = 0.11/cm, value confirmed from previ-
ous phantom measurements, elliptic fitting with separate
contours for each slice) as outlined in the European Associa-
tion of Nuclear Medicine (EANM) procedure guidelines for
brain neurotransmission SPECT.27

Quantitative evaluation

We evaluated images with a semi-automated quantification
software, based on a modified version of the Brain Analysis
Software (BRASS, version 3.4.4), running on a Hermes work-
station (Hermes Medical Solutions, Stockholm, Sweden). It is
based on a multistep registration of individual patient stud-
ies to a template of healthy control subjects. For this software

approach, a template and a 3D volume of interest map were
specifically created for [I-123] ADAM scans.

A SPECT template (2 mm isotropic voxel size) was created
with the images of 20 healthy control subjects acquired in
previous research projects approved by the ethics committee.
In 4 subjects, additional MRI images (sagittal MPRAGE se-
quence, 1 × 1 × 1-mm voxel size) were obtained with fiducial
MRI/SPECT markers (nitroglycerin pills injected with ap-
proximately 10 kBq I-123) attached, which served as a basis
for the coregistration and which were used to align images
according to the Talairach space (Fig. 1A). Based on these
MRI scans, a standardized 3D volume of interest (VOI) map
(Fig. 1B) was created, including regions for the brain stem
(456 voxels), the hypothalamus (604 voxels) and an occipital
reference region (9008 voxels). The target regions for the
analyses (hypothalamus and brain stem) were selected in ac-
cordance with previous reports of the [I-123] ADAM distrib-
ution in the brain18,25 and represent the SERT-rich regions,
particularly the raphe nuclei. The method follows the previ-
ously developed automated quantification approach for
dopamine transporter SPECT images.28

Individual scans of patients and healthy control subjects
were then registered to the [I-123] ADAM template by apply-
ing an automated fitting algorithm. The software registers in-
dividual studies to the mean template, adjusting 9 parame-
ters (3 each for rotation, translation and anisotropic scaling)
of an alignment transformation matrix, using principal axes
technique and an iterative, simplex algorithm to maximize
normalized mutual information, a measure of similarity be-
tween the transformed individual study and the template.29,30

After successful registration, the standardized 3D VOI map is
applied to each scan. Owing to variation in anatomy, the
brain stem and hypothalamus regions were adjusted manu-
ally to match the corresponding structures where necessary.

Based on the mean counts per voxel in the respective 
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Fig. 1: [I-123] ADAM (2-([2-([dimethylamino]methyl)phenyl]thio)) SPECT template used for the auto-
mated semi-quantification. Image fusion (A) with the MRI and the 3D volume of interest map (B) de-
rived from the MRI scan. Delineation of the region of interest (brainstem, hypothalamus) and the
nonspecific occipital reference region.
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volumes of interest, the specific radiotracer binding for the
brain stem was calculated by applying the following formula:

Statistics

Statistical analyses were performed and data were tested for
normal distribution (one sample Kolmogorov–Smirnov test)
and equality of variance (Levene test). Means and SDs were
calculated as descriptive analyses of clinical and imaging
variables. Group differences were compared with the un-
paired t test (2-sided) for independent samples. To control for
the effects of clinical symptoms (impulsiveness, depression),
we performed analyses of covariance (ANCOVA) with age
adjusted ADAM binding as an dependent variable and im-
pulsiveness or depression scores as covariates. Adjustments
for the effects of age were performed by a linear regression
model with age as the independent variable. Correlations of
imaging data, age and clinical variables were assessed by cal-
culating Pearson´s correlation coefficients, and we computed
partial correlations to control for the effects of age or clinical
variables. The p < 0.05 level was considered statistically 
significant.

Results

Table 1 shows the demographic and clinical data of the study
population. Statistical analyses revealed a normal distribu-
tion and homogeneity of variances of demographic (age) and
imaging data in either group (Kolmogorov–Smirnov test,
Levene test, respectively, nonsignificant). Patients and con-
trol subjects did not differ significantly in mean age (t15 = 1.3,
p = 0.22). Overall impulsiveness as assessed by the BIS total

score ranged from 65 to 97 (mean 83.75 [SD 9.63]) in the pa-
tient group and was statistically significantly higher
(t15 = –5.81, p < 0.01), compared with the group of healthy
control subjects (range 50–70, mean 60.11 [SD 7.08]). The dif-
ferences were also significant for each BIS subscore, for exam-
ple, AI, MI and NI (t15 = –5.27, p < 0.01; t15 = –7.38, p < 0.01;
and t15 = –2.68, p < 0.05, respectively).

Cooccurring depression as assessed by the BDI was pre-
sent in the group of patients with a mean score of 27.71
(SD 10.67) (range 14–44). In the control group, BDI scores
ranged from 0 to 6, with a mean (SD) of 1.56 (2.13) (difference
statistically significant, t15 = –6.39, p < 0.01).

Four hours after intravenous injection of the radio-tracer,
specific-to-nonspecific ratios of [I-123] ADAM binding to the
brainstem and the hypothalamus region ranged from 0.29 to
0.61 and 0.77 to 1.07, respectively, in the control group and
from 0.26 to 0.91 and 0.90 to 1.22, respectively, in the patient
group (Fig. 2).

The mean specific brainstem ADAM binding was signifi-
cantly different between the groups, with a 43% higher mean
brainstem binding in the patient group (0.63 [SD 0.23] v. 0.44
[SD 0.12]; t15 = –2.31, p = 0.035, Fig. 2). Within the hypothala-
mus, the mean specific ADAM binding was 1.05 (SD 0.11) in
the patient group, which was about 12% higher, compared
with the control subjects (0.94 [SD 0.10]). This difference also
reached statistical significance (t15 = –2.14, p = 0.049).

The differences between the groups remained statistically
significant when we adjusted the SPECT data for age, using a
linear regression model and controlled for the effects of co-
variates such as clinical symptom scores (i.e., impulsiveness
and depression as assessed by the BIS and BDI, respectively)
by analysis of covariance (ANCOVA), with ADAM brain-
stem binding as the dependent variable: F1,13 = 5.27, p = 0.04;

Table 1: Demographic, clinical, and SPECT imaging data of healthy
female control subjects and female patients with borderline
personality disorder

Group; mean (and SD)*

Characteristics Control subjects Patients p value

No. of subjects 9 8 —

Age, yr 25.9 (3.49) 23.2 (5.16) NS

Impulsiveness
BIS total 60.11 (7.08) 83.75 (9.63) < 0.01

BIS-AI 20.0 (3.43) 30.63 (4.84) < 0.01

BIS-MI 18.0 (1.94) 26.38 (2.72) < 0.01

BIS-NI 22.11 (3.37) 26.75 (3.77) < 0.05

[123-I] ADAM
binding
Brainstem 0.44 (0.12) 0.63 (0.23) < 0.05
Hypothalamus 0.99 (0.10) 1.05 (0.11) < 0.05

SPECT = single photon emission computed tomography; SD = standard deviation; NS
= not statistically significant; BIS = Barratt Impulsiveness Scale; AI = attentional
impulsivity; MI = motor impulsivity; NI = nonplanning impulsivity.
*Unless otherwise indicated.
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Fig. 2: Specific [123-I] ADAM (2-([2-([dimethylamino]-methyl)-
phenyl]thio)) brainstem binding in healthy control subjects and pa-
tients with borderline personality disorder.



with ADAM hypothalamus binding as the dependent vari-
able: F1,13 = 7.12, p = 0.02.

Regarding the whole study population, correlation analy-
ses revealed both significant correlations between age and
ADAM brainstem and hypothalamus binding (r15 = –0.69,
p = 0.002 and r15 = –0.63, p = 0.007, respectively) and impul-
siveness and ADAM brainstem and hypothalamus binding
(r15 = 0.62, p = 0.009; r15 = 0.49, p = 0.04). However, when look-
ing at the patient and control groups separately, correlations
between impulsiveness and SPECT variables failed signifi-
cance. There were no significant correlations between SPECT
variables and depression scores, neither in the whole sample
nor in the group of patients (Fig. 3 and Fig. 4). The associa-
tion between impulsiveness and ADAM brainstem binding
in the whole sample remained significant after controlling for
the cofactors age and BDI scores, using partial correlations
(r13 = 0.69, p = 0.007).

Discussion

To our knowledge, this is the first study of patients with BPD
using SPECT and the novel SERT ligand [I-123] ADAM to as-
sess central SERT availability in vivo in this population. The
central serotonergic system is considered to play a key role in
the pathogenesis of BPD.9,10,31 Current pharmacological treat-
ment is therefore primarily based on selective serotonin reup-
take inhibitors (SSRIs), which have proven successful for
various symptom constellations in these patients.

Our data showed significantly higher SERT binding in pa-
tients with BPD, compared with healthy control subjects of
the same sex and comparable age distribution, which
strongly supports the hypothesis of a serotonergic dysfunc-
tion in BPD. The elevated ADAM binding could reflect a
higher number of serotonin transporters with an increased

capacity of presynaptic serotonin reuptake or be the conse-
quence of an increased number of available binding sites,
owing to decreased competition by lower endogenous sero-
tonin levels.15,32

From earlier studies, it is known that other psychiatric
disorders (e.g., major depression, bulimia, obsessive–
compulsive disorder)33–35 can also be associated with a sero-
tonergic dysfunction influencing SERT availability. Possible
interference of any of these disorders with SERT binding
was excluded in our subjects. Depressive symptoms as a
common clinical feature in BPD23 were present in our group
of patients, but unlike other studies,35,36 the respective scores
were not associated with SERT availability.

Meyer and colleagues37 demonstrated a strong association
of SERT availability and dysfunctional attitudes with [C-11]
DASB PET. However, in a study with PET and [F-18] se-
toperone, the same group found significant correlations of
dysfunctional attitudes and 5-HT2 binding only in patients
with major depressive episodes and not in patients with
long-term self-harm behaviour.38 Altogether, these findings
suggest distinct neurobiological mechanisms of psychiatric
symptoms in different disorders and therefore do not con-
tradict our results.

The patients of our study were drug free and did not take
any medication known to interfere with SERT uptake of the
radiotracer. Since only women participated in the project,
general sex differences as described in a recent study by Sta-
ley and colleagues39 can also be disregarded. We could not
control for the menstrual cycle, a previously reported possi-
ble element in estrogen–serotonin interactions.40 However,
the findings of a recent study with β-CIT and SPECT sug-
gested that matching female subjects according to menstrual
cycle is unnecessary, regarding serotonin and dopamine
transporters.41 Similarly, the effects of smoking on SERT
availability seem to be negligible in female subjects.39
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Fig. 3: Correlation of [123-I] ADAM (2-([2-([dimethylamino]-
methyl)phenyl]thio)) brainstem binding with the total score of the
Barratt Impulsiveness Scale for the entire study population (pa-
tients = filled circles, control subjects = open circles).
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Fig. 4: Scatterplot of [123-I] ADAM (2-([2-([dimethylamino]-
methyl)phenyl]thio)) brainstem binding and the scores of the Beck
Depression Inventory for the study population (patients = filled cir-
cles, control subjects = open circles).
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Given the overlap of SERT availability between the pa-
tients and the control subjects in our study, correlation analy-
ses were performed for the entire study population as a
dimensional, symptom-based approach to assess the effects
of single personality or clinical items. There were significant
associations of the scores of the BIS and age, but not depres-
sion scores with specific radiotracer binding to the SERT. The
effects of impulsiveness remained statistically significant
even when controlling for age and depression scores in par-
tial correlation analyses. Similarly, BIS scores and age, but
not BDI scores, contributed in linear regression analyses to
predict SERT binding.

Increased impulsiveness was associated with higher SERT
availability, with the highest correlation being observed with
the BIS motor and attentional subscales. This supports previ-
ous observations showing that biochemical findings in BPD
patients were attributed to aggression scores, impulsiveness
and irritability.8,10

Serotonergic dysfunction has also been shown in other
psychiatric patient populations, such as suicidal pa-
tients14,42 and patients with violent or aggressive behav-
iour.12,13,43 In light of these findings, the higher radiotracer
binding to the SERT in our patients probably reflects the
level of impulsiveness as a common feature in several
psychiatric disorders rather than representing a factor
specific for BPD.

With SPECT and the nonspecific monoamine transporter
ligand [I-123] β-CIT, Tiihonen and colleagues12 have shown
lower β-CIT midbrain binding in impulsive violent offenders
indicating reduced SERT availability, compared with control
subjects. Sekine and colleagues44 presented a negative correla-
tion of aggressiveness and SERT binding of the SERT-specific
PET tracer [C-11] McN 5652 in many brain regions, including
the cerebral cortex, cerebellar cortex and basal ganglia, but
not the midbrain area, in abstinent patients with metham-
phetamine abuse.

At first glance, these results appear contrary to our find-
ings; however, the patient populations of both mentioned
studies consisted of subjects with neurotoxic substance
abuse. The latter may not only induce selective damage to the
serotonergic system, but also affect dopaminergic, gluta-
matergic and GABA-ergic neurons.

The work of Sekine and colleagues44 demonstrates the
global impact of methamphetamine abuse on SERT binding,
affecting areas with low SERT availability (e.g., the cerebel-
lum). The patient population included by Tiihonen and col-
leagues12 consisted primarily of alcohol-dependent patients
committing violent offenses under the influence of alcohol;
most of these subjects also had either antisocial or mixed-
type personality disorder. Aggression and impulsiveness in
these studies may therefore result from mechanisms different
from those in our unmedicated and partially drug-naive pa-
tients with BPD.

Frankle and colleagues13 studied the SERT distribution in
subjects with impulsive aggression using PET and [C-11]
McN 5652. The authors found significantly reduced SERT
availability in the left anterior cingulate cortex of individuals
with impulsive aggression, compared with healthy control

subjects. In contrast, no significant differences between pa-
tients and control subjects could be shown for the midbrain
region. Compared with our findings, the latter could be ex-
plained by concomitant mood disorders retrospectively diag-
nosed in many of the patients examined, possibly resulting in
a reduction of SERT availability in the midbrain area.33 This
might have hampered the detection of a potential midbrain
SERT alteration. The presence of depressive symptoms in our
patients might have influenced the imaging data, although
our findings remained stable when we controlled for these
variables.

Some methodological limitations of our study need to be
addressed. First, the number of subjects included is limited,
possibly reducing the accuracy of multifactorial analyses (lin-
ear regression, analysis of variance). Second, there was no
MRI coregistration for the placement of VOIs to identify
brain regions with low activity (the anatomically poorly cir-
cumscribed SERT-enriched regions in the diencephalon, mid-
brain or brainstem) more accurately, as previously
described.25 However, in accordance with other groups,33,34 we
chose standardized templates with fixed sizes for the 3D vol-
umes of interest to reduce variance. Automated registration
algorithms provided a high level of observer indepen-
dence.28,30 We also used the occipital cortex for semi-
quantification, an area not entirely free of SERT expression,45

instead of the cerebellar cortex with lower specific radiotracer
binding. This seems justified in light of parallel radiotracer
kinetics in the occipital cortex and the cerebellum.25 Owing to
the lack of morphological information in ADAM images, ac-
curate attenuation correction in the cerebellum is critical, and
the use of a cerebellar reference region might introduce addi-
tional sources of error.

Although our findings are preliminary and are derived
from a limited cohort of subjects, they suggest a direct al-
teration of the serotonergic system in patients with BPD.
The marked elevation of SERT availability, and a particu-
lar correlation of SERT data with the cardinal clinical fea-
ture “impulsiveness,” strengthens the hypothesis of the
serotonergic system as a pathophysiological key role in pa-
tients with BPD. Prospective SPECT studies with a higher
number of subjects are warranted to further validate our
data. Data obtained during follow-up of patients under
pharmacological or psychological treatments would be of
particular interest.
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